To compare the different correlations of body mass index (BMI) and percent body fat (BF%) with other ethnic groups and to evaluate the appropriateness of Asia-Pacific redefining obesity criteria in the Taiwanese population. The corresponding BF% to BMI cutoffs of overweight and obesity will also be studied. DESIGN: A cross-sectional epidemiological survey. SUBJECTS: A total of 509 male and 570 female Taiwanese subjects aged !20 y sampled by the systematic stratified clustering sampling method were analyzed. MEASUREMENTS: BMI was obtained by body weight (kg) divided by squared body height (m 2 ). The estimated BMI (BMIe) was deduced from the Caucasian-based four-compartment equation (4C). BF% measured by the methods of dual-energy X-ray absorptiometry (DXA) or Caucasian-based 4C were used and abbreviated as DXA-BF and 4C-BF, respectively. RESULTS: The curvilinear relationship between age and BMI or DXA-BF was established. When compared by age-stratified groups, Taiwanese subjects had a higher BF% (4C-BF) in any given BMI than Caucasians. That is, the level of 4C-BF for BMI!25 kg/m 2 in Taiwanese subjects was similar to BMI!30 kg/m 2 in Caucasians. The BMIe values of 25 and 30 kg/m 2 were nearly equal to the BMIs of 23.6 and 25.3 kg/m 2 in males, and 22.7 and 24.8 kg/m 2 in females, respectively. The 4C-BF of 25% was nearly equal to a BMI of 26.2 kg/m 2 in males, and 35% was equal to a BMI of 24.4 kg/m 2 in females. Consequently, the DXA-BF cutoffs for BMIs of 23 and 25 kg/m 2 were compatible to 23 and 25% in males, and 35 and 38% in females, respectively. CONCLUSION: It was demonstrated that Taiwanese subjects had a relatively lower BMI but a higher BF% than Caucasians. In general, the newly proposed Asia-Pacific BMI cutoffs for overweight (!23 kg/m 2 ) and obesity (!25 kg/m 2 ) may be acceptable to both male and female Taiwanese subjects. The corresponding BF% (DXA-BF) cutoffs for obesity would be 25% in male and 38% in female Taiwanese subjects, respectively.
Introduction
With its increasing prevalence in both developed and developing countries, obesity and associated co-morbidities are an ongoing health-care problem in Asia and other countries. 1 Because of its general application and feasibility, body mass index (BMI) is the method commonly used as a surrogate measure for obesity. 2 According to the recent diagnostic criteria of the World Health Organization (WHO), obesity is defined as BMI!30 kg/m 2 and overweight as BMI !25 kg/m 2 in adults based on the relationship between BMI and morbidity or mortality in Western populations. 1 It must be emphasized that differences in body size can affect the healthy range of BMI in different regions, so it will be interesting to see whether the WHO diagnostic criteria of obesity and overweight are still valid across different ethnic groups. 2 From the physiological viewpoint of obesity, it is not the degree of excess body weight but the degree of body fat accumulation that is important. 1 However, several researchers have suggested an inconsistent relationship between BMI and percent body fat (BF%) among different ethnic groups. Wang et al 3 reported that Asians have a lower mean BMI but a higher BF% than Caucasians of the same age and sex; for example, for the same BF%, Indonesians have a BMI about 3 units lower than Dutch Caucasians. 4 Using the fourcompartment equation (4C) model, the Japanese have a significantly higher BF% for any given BMI than white people and African Americans. 5 Furthermore, a paradox of lower BMI but higher BF% among Malays and Indians in Singapore has also been found. 6 However, the mortality rate due to cardiovascular disease in Singapore is similar to Western countries. 7, 8 From these reports, it has clearly been shown that discrepancies in the relationship between BMI and BF% exist among different ethnic groups. 9 Therefore, new cutoffs of BMI for defining obesity (!25 kg/m 2 ) and overweight in the Asia-Pacific region have been proposed by the Joint Committee of the International Association for the Study of Obesity (IASO), the International Obesity Task Force (IOTF), and the WHO based on the above regional reports. 10 In fact, only two papers have been assessed in this committee and they included fewer than 450 Chinese subjects. 6, 11 So, whether the Asia-Pacific obesity cutoffs are validated for the Chinese population, especially in Taiwan, is questionable. For these reasons, a large epidemiological sampled study of Chinese males and females with a wide range of age and BMI were enrolled in this study. There were three major aims of the study. Firstly, the correlation between BMI and BF% as measured by dual-energy X-ray absorptiometry (DXA) or estimated by the 4C model 5 will be evaluated. Secondly, considering the different methods of BF% measurement in different ethnic groups, BF% will be measured by DXA or 4C in this study. The BF% in any given BMI between Taiwanese and other ethnic groups will be compared. Finally, the appropriateness of Asia-Pacific BMI cutoffs of overweight and obesity for the Chinese population in Taiwan will be assessed. The corresponding healthy range of BF% was also suggested.
Materials and methods

Subjects
The study subjects were collated from the TAINAN study, an epidemiological cohort study that was designed to evaluate diabetes/obesity and associated factors in 1996-1997. 12 During the period 1998-2000, a total of 1211 ambulatory subjects (570 males and 641 females) aged !20 y, who had participated in the first-time survey 5 and completed the second follow-up examination, were enrolled for this investigation. Those who had major health problems, such as diabetes 11 ), were accepted for final analysis. None of the subjects was dieting or following any course of weight reduction during the study. Each subject gave written consent, which was approved by the research committee of the National Cheng Kung University Hospital.
Anthropometries
After overnight fasting and wearing light indoor clothes, each subject's body height (to the nearest 0.1 cm) and weight (to the nearest 0.1 kg) were measured by the balanced scale (DETECTO TM ). BMI (in kg/m 2 ) was calculated accordingly. Soon after, the whole body composition of each subject was measured by DXA (DPX-L, Lunar Radiation Corp., USA, and software version 1.3z). A total of 128 subjects were studied for calculating the coefficients of variations (CVs) of DXA. Each subject was scanned once, then repositioned 5 min later, and rescanned. Intraobserver reproducibilities of fat tissue mass (FTM) and lean tissue mass (LTM) measurements were calculated from the average root mean square of individual standard deviations and expressed as CV. The CV for replicate measurements was 1.0% for total LTM, and 2.9% for total FTM. 13, 14 BF% derived by DXA (DXA-BF) was calculated as the ratio of total body fat mass to total body weight. 15 In Gallagher's paper, the 4C method of BF% was measured using the standard method, 16 Gallagher's 4C model could be simplified as formula A. Meanwhile, using the DXA-BF to replace the 4C-BF of formula A, an estimated BMI (BMIe) was obtained using formula B.
Formula B: BMIe ¼ 735/(63.7À12.1 Â sex+0.029 Â ageÀ DXA-BF), where sex ¼ 1 for male and 0 for female.
Statistical analysis
Data were analyzed using the SPSSWIN software (SPSS, version 8.0, Chicago). The reciprocal of BMI (1/BMI) was used to linearize the data and avoid the need for logarithmic conversion or inclusion of the power term. 5 The subjects were reclassified into six age subgroups with 10-y intervals.
One-way analysis of variance (ANOVA) and Student's t-test were used to analyze the differences of BMI, DXA-BF, or 4C-BF between sexes or age subgroups. The w 2 test was used to compare the prevalence of overweight and obesity between sexes. The comparable mean DXA-BF and 4C-BF given by BMI (o18.5, o25, !25, and !30 kg/m 2 ) for three agestratified groups (20-39, 40-59, and 60-79 y) were calculated and expressed together with the 4C-BF of African Americans, white people, and Japanese. 5 The correlations between BMI and BMIe, 4C-BF, and 1/BMI, and DXA-BF and BMI were analyzed by linear regression analysis and expressed as scatter plots. Using the scatter plot between BMI and BMIe, BMI and percent body fat in Taiwanese subjects C-J Chang et al the corresponding cutoffs for overweight and obesity between WHO and Asia-Pacific criteria were compared. The linear regression model between 4C-BF and 1/BMI was analyzed to find the compatible BMI for a BF% >25% in males and >35% in females. Finally, the inferred line, which was based on the regression model between DXA-BF and BMI, was fitted to estimate the proposed BF% cutoffs for overweight and obesity in Taiwanese subjects. Statistical significance was defined as Po0.05 for two-tailed analysis.
Results
Among the 1079 analyzed subjects, males showed a significantly higher BMI but lower BF% than females for all age subgroups. The BMI and BF% increased substantially with age, except for the subgroup of 70+-y-olds ( For comparing the BF% in any given BMI with other ethnic groups, 485 males and 561 females with age range between 20 and 79 y were analyzed. In Tables 2 and 3 , Taiwanese subjects were younger and had significantly lower mean BMI but higher BF% (4C-BF or DXA-BF) for any given BMI for each age-stratified group (20- 
Discussion
Including published data, this study was not only the first epidemiological study of this kind, but it also enrolled the largest Chinese study population. The BMI and BF% increased substantially with age, except for the subgroup of 70+-y-olds. It has been suggested that high adiposity and BMI are associated with increased mortality, especially in younger individuals. 17 This may be due to the early mortality of high-adiposity individuals before they get older. Therefore, we can find a curvilinear relationship between BMI, BF%, and age both in our study and in other studies.
18
According to the WHO obesity cutoffs, the prevalence of obesity was merely 3.9% in both male and female Taiwanese. The prevalence of obesity in the Asia-Pacific region was much lower than in Western countries, 1 but the incidence and prevalence of cardiovascular diseases and diabetes mellitus were similar for the two regions. 8, 12 The reason could be that Asians have a relatively lower BMI but higher ). It seems that the latter value would be more reasonable and compatible with the cardiovascular manifestations in Asians 8 and Taiwanese. 12 These results suggest that the cutoff points of BMI and BF% may be ethnic-group-specific and should be lowered for Asians and Taiwanese. It was also interesting to find a narrower range of BMI between cutoffs of overweight (!23 kg/m 2 ) and obesity (!25 kg/m 2 ) in Taiwanese. Several studies could possibly be used to explain this finding. First, a similar narrow range of BMI cutoffs between obesity and overweight could also be found in Hong Kong Chinese. 11 Second, the hierarchical changes of cardiovascular risk factors along with the Calculated from Gallagher equation 4 (4C-BF) centering on the ages of 30, 50, and 70 y. 5 The data of African Americans, white people, and Japanese were adapted from Gallagher's report. Calculated from Gallagher equation 4 (4C-BF) centering on the ages of 30, 50, and 70 s. 5 The data of African Americans, white people, and Japanese were adapted from Gallagher's report. 21 Recently, DXA has been recommended as a suitable method to measure BF% 22 with high precision and accuracy. 23 High correlations (r ¼ 0.95) between DXA-BF and 4C-BF for men and women have also been found. 5 Therefore, DXA was used to quantify the BF% in this study. For comparison with Caucasians, and other ethnic groups, Gallagher's equation 5 was also chosen for estimating 4C-BF based on several reasons; first, all these study populations were studied by the same Lunar DXA; second, the Asian populations in both Gallagher's report and our study subjects were analyzed using the same software (1.3z); third, this equation was proposed for a large population with Asians, Caucasians, and African Americans. The characteristics of this equation will not only provide a satisfactory model to compare racial discrepancies but will also be extrapolated to demonstrate its appropriate application to other ethnic groups, such as Taiwanese.
Men
In Tables 2 and 3 , the 4C-BF seems to be lower than the DXA-BF. Several reports have suggested that the BF% derived by DXA may be underestimated compared to the 4C method in Asians. 24, 25 For comparison with African Americans, Japanese, Caucasians, and other ethnic groups, the 4C-BF was estimated using Gallagher's equation, 5 and not measured directly by the standard method according to Heymsfield et al. 16 However, Asians have higher BF% than Caucasians for any given BMI. As Gallagher's equation was mainly developed from Caucasians, it is reasonable to observe a relatively lower BF% measured by 4C than by DXA in Taiwanese. From the limited data, it still cannot be concluded that the 4C method may underestimate the BF% compared to the DXA in Taiwanese. Obesity was defined as BMI!30 kg/m 2 corresponding to a BF%!25% in Western males and !35% in Western females. 9 As the above BF% range was developed from Caucasian studies, the linear regression model between Caucasianbased 4C-BF and 1/BMI was used to compute the corresponding BMI in Taiwanese subjects. Interestingly, the equivalent BMI for Taiwanese people was 26.2 kg/m 2 in males and 24.3 kg/m 2 in females. This result, which was compatible with many Asian reports, 3, 4, 6, 9 confirms the inconsistent relationship between BMI and BF% among different ethnic groups, that is, a lower BMI but higher BF% was observed in the Taiwanese population. Although several recommendations of BMI cutoffs have been proposed for defining obesity, no consistent healthy range of BF% exists. Since the WHO obesity criteria seem to be inappropriate for Asians, a newly proposed range of BF% would be needed for Taiwanese. From the regression model between DXA-BF and BMI, the corresponding ranges of BF% for the new Asia-Pacific BMI cutoffs for obesity are estimated as 25% for men and 38% for women. The similarity of obesity cutoffs of BF% between Caucasians 9 and Taiwanese may suggest that the physiological definition of obesity by WHO 1 could be acceptable worldwide. Nevertheless, these BF% proposals still need to be validated by long-term mortality and morbidity studies.
In conclusion, our results support the hypothesis that Taiwanese subjects have a higher BF% for any given BMI than Caucasians. From the clinical viewpoint, the WHOrecommended BMI cutoffs for overweight and obesity should be modified based on this epidemiological evidence in Taiwan. Altogether, the newly proposed Asia-Pacific BMI cutoffs 10 of overweight (!23 kg/m 2 ) and obesity (!25 kg/m 2 ) seem to be acceptable for Chinese in Taiwan. Consequently, the corresponding BF% cutoffs of overweight and obesity will also be modified as around 23 and 25% for male Chinese adults, and 35 and 38% for female Chinese adults, accordingly.
